ABSTRACT Improved housing for laying hens may start from the translation of their behavioral needs into welfare-based design parameters for laying hen houses. The objective of our research was to gain insights into the facility usage and behavioral needs of the hen over 24 h when there are no obvious restraints. Twenty ISA Brown commercial laying hens (Gallus domesticus) that were 18 wk old and not beak trimmed, were accommodated in a pen (4 × 6 m) at 19 ± 2°C on a light-dark cycle of 10L:14D. The pen providing nest boxes, drinkers, feeders, perches, sand, and wood shaving was designed to accommodate the hens for the experimental period. Video recordings were made for 10 d. Behavioral analyses were conducted on 5 birds for 5 d. Time spent on each behavior, log survivor analysis of events and inter-event intervals, bout analysis, diurnal pattern in events and (Key words: laying hen, facility usage, behavioral structure, welfare, housing design)
INTRODUCTION
Laying hen houses have changed dramatically from initially extensive and small to large-scale intensive indoor battery cage systems, producing more eggs at low cost (FAWC, 1997) . Concerns over the welfare of caged hens arises in 2 general areas: first, that the barren environment within a cage prevents the performance of ethological needs of hens (Mench, 1992; Taylor and Hurnik, 1994; Duncan, 1998; Yue and Duncan, 2003) and, second, that the small amount of space in a cage imposes severe restriction to the general freedom of movement (Appleby et al., 1992; Baxter, 1994) . The behavioral repertoire of domesticated hens is comparable with that of their wild ancestors (Appleby et al., 1992; Väisänen and Jensen, 2003) . Welfare concerns for 2005 Poultry Science Association, Inc. Received for publication March 16, 2004 . Accepted for publication January 18, 2005. 1 To whom correspondence should be addressed: jos.metz@wur.nl.
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bouts, occurrence of behavior in different segments and the corridor of the pen, and sequence analysis were performed to gain insights into the temporal and sequential structures of behavior. Hens spent 97% of the day on nest use, preening, drinking, feeding, still, walking, perching, and resting; 43% on commodity-dependent behavior; and 57% not on commodity-oriented behaviors. Behavioral events were short (around 70% event <2 min) and frequent (around 70% inter-event intervals <40s). The pen corridor was the preferred place for attack, escape, flying, resting, walking, and wing flapping. Feeding-drinkingfeeding, preening-resting-preening, scratching-restingscratching, dust bathing-resting-preening, or dust bathing-resting-wing stretching-dust bathing were the preferred sequences of behavior. Although hens interrupted ongoing behaviors and changed behaviors frequently, they nonetheless clustered behavioral events. laying hens in battery cages have provoked criticisms in society against battery cages, and demands have been made for reconsideration of laying hen housing (Nicol and Dawkins, 1990; Schwabenbauer, 1999) . As a result the European Union decided to ban battery cages in all member countries by the year 2012.
To date much attention has been paid to assessment of hen welfare in modified housing environments by means of behavioral and physiological symptoms of stress (Lymbery, 2002; Yue and Duncan 2003) . It seems that a systematic approach by the translation of behavioral needs of laying hens into welfare-based design parameters for laying henhousing systems has received modest attention (Schwabenbauer, 1999) .
In our approach, we focused on the translation of behavioral needs of laying hens, as shown by minimally restricted housing conditions, into design parameters for laying hens with a given housing system. Animals attempt to adapt a given housing environment to satisfy their physiological and behavioral needs. Welfare is defined as a balance between rewarding and aversive consequences of animals coping attempts (Spruijt et al., 2001) . So, principally, laying hen houses should provide sufficient facilities and space to satisfy the needs of the birds and to move the balance toward rewarding consequences. The welfare concept has to be translated via behavioral needs into quantifiable behavioral parameters that can be used as inputs to model a housing system and to assess minimal space and facility requirements.
Therefore, definition, prioritization, and measurement of behavioral needs are crucial for the design. Animals have behavioral needs that evidently serve individual maintenance such as feeding and drinking. Animals also have needs that have biological relevance but not as a direct individual profit (i.e., animals cannot use the direct result of such activities as feedback principles to continue or stop performing such activities; for example grooming ; Spruijt et. al., 2001) . If these kinds of ethological needs are blocked, the balance of stress and reward is disturbed. In optimal housing systems the occurrence of stress and reward should be balanced, which can be achieved by allowing the animals to display such pivotal behaviors.
Apart from this, behavioral demand functions (Ladewig et al., 2002) should be considered in housing designs to prioritize the behavioral needs and relative necessities of facilities. By that approach, balancing animal welfare and the cost of the new design is possible, which is obviously required in the process of designing commercially viable housing systems for laying hens.
Quantification of intensity and sequences of events of various behaviors and the temporal structure may yield insights as to how hens distribute their time over space and various resources and what their behavioral priorities are. In addition, different behaviors appear to be important at different times of the day. Also, the sequence of behaviors is important in determining priorities. These properties of hen behavior will be used to design hen-housing systems, based on behavioral needs, behavioral priorities, needed facilities, and space allocations.
Insight into behavior requires a detailed analysis of the temporal characteristics of hen behaviors. The aim of this paper was to estimate average duration of behaviors, average interval between 2 behavioral events, diurnal distribution of the occurrence of a behavior, and the sequential organization of a behavior. To assess these behavioral temporal characteristics, log survivor analysis of behavioral event length distributions and inter-event intervals were analyzed, and the frequency and duration of behaviors at every hour were plotted. The first-order transition matrix and behavioral sequences were then analyzed, and percentages of behavioral occurrences at different places in the pen were calculated. The results of these analyses will provide the input parameters for a simulation model (Halachmi, 2000) , which can then be used as a tool to optimize fulfillment of hen needs in interaction with environmental conditions for laying hen houses in the egg industry.
MATERIALS AND METHODS

Stock, Housing, and Environment
Stock. Twenty, 18-wk-old, beak intact, commercial, ISA Brown laying pullets were acclimatized in the pen for 10 wk. All were laying at the end of the 10-wk period. Prior to transfer to our facilities at 18 wk, the pullets were raised in a commercial environment on litter.
Pen. A pen (Figure 1 ) providing nest boxes, drinkers, feeders, perches, sand, and wood shavings was designed to accommodate 20 ISA Brown laying hens for the experimental period. The pen was designed in such a way that it would not pose any restraint on hens and would give enough freedom to perform various essential behaviors. The dimension of the pen was 6 × 4 × 3 m (length, width, and height). The pen was divided into 12 floor segments of 1 × 1.75 m each so that each commodity was provided in 2 diagonally located segments and a corridor. For purpose of the observation the floor segments were divided by 6 cm high wooden planks to make a clear demarcation among the commodities.
Five single (0.4 × 0.3 × 0.3 m, length, width, and height, respectively) and 5 double (0.4 × 0.6 × 0.3 m, length, width, and height, respectively) wooden nest boxes were placed on the ground in each nest boxes segment. A plastic mat was provided on the floor of each nest box. Three metallic round water tubs (0.4-m diameter 15-cm height) were placed in each drinker segment and were filled every day. Three commercial feeders were placed in each feeder segment. Ten wooden perches of 50 × 6 × 6 cm (length, width, and height, respectively) were placed in each segment of perch at heights of 30, 60, 90, and 120 cm from the ground. Perches were not placed above each other. Two segments of 1 × 1.75 m, intended to be used as dust-bathing grounds, were filled 5 cm with white sand. Another 2 segments of same size, intended to be used as pecking and scratching ground, were filled 5 cm with wood shavings. The floor in other segments was bare concrete.
The facilities were located diagonally to pose a minimum of logistic interference among hens and to provide opportunity for hens to perform behaviors away from others, if needed.
Environment. The hens were on a light-dark cycle of 10L:14D (light from 0800 to 1800 h; dark from 1800 to 0800 h) with a 60-lx (at bulb level) white lamp. A light length of 10 h was provided to simulate natural day length for hens. A 15-lx (at bulb level) lamp was used in the dark period to support the video recording. The temperature was maintained at 19 ± 2°C throughout the experiment. Pen cleaning, water and feed filling in drinkers and feeders, respectively, and egg removal was performed every day for 30 min between 0900 and 1100 h, before the start of next 24 h of observation. The cleaning was meant to reallocate the commodities in their respective segments. The sand and wood shavings were not changed during the experimental period. Standard ventilators were installed in the room.
Feed and Feeding
Hens were fed ad libitum on commercial layers pellets (protein, 16%; fat, 6.2%; energy, 2,825 kcal/kg). The feed was administered in 6 feeders once each day (0900 to 1100 h) after the cleaning and before the start of next 24 h of observation. A 100-g mixture of grain (10% barley, 15% oats, 15% wheat, 45% maize, and 1% soybean oil) was sprinkled every day at the same time in each wood shaving segment.
Data Collection and Analysis
Data Collection. Video recordings of behaviors started at 28 wk of age when hens were in full egg production. Observations were made by means of a time-lapse video recorder throughout the experimental period of 10 d. Four black-and-white cameras with wide-angle lenses were installed in the roof of the pen; placement of the cameras is indicated in Figure 1 . The cameras were connected with a quad-system to record all 4 segments of the pen on 1 videotape. For identification purposes hens were marked with a distinct black sign on a white tag on their backs. The tags were backpacked to the wings with help of smooth strings. Twenty signs for 20 hens were chosen from Microsoft Word art gallery (e.g., sun, filled triangle, heart, empty square, filled square, empty circle, filled circle, and so on).
Out of 20 hens, 5 hens were randomly selected based on recognition of a tag's sign for 5 alternate days (first, third, fifth, seventh, and ninth days of the experiment) for the Table 1 and location were recorded by focal sampling using continuous recording.
Rest is a derived behavior from stillness. The log survivor analysis of still events showed 2 distributions with a cutoff point around 2 min in event length. We assumed that longer than 2-min stills are not real stills but that the hens were probably resting. Therefore, longer than 2-min stills were assumed to be resting behavior.
Software, Observer 4.1, 2 was used for behavioral recording. Two observers conducted the behavioral recording (80% observer 1 and 20% observer 2). Duration/ sequence based inter-and intra-observer reliability tests were performed for the observers (Table 2 ). Observer 4.1 (2002) further explains the definition of parameters and methodological justifications of the reliability test.
Data Analysis. Behaviors were divided into 2 categories on the basis of commodity usage. The commodities refer to nest boxes, sand, wood shavings, water, feed, and perches. The first behavior category is commodity oriented and requires a commodity to be used; the second behavior category is not commodity oriented that does not require a commodity, except space, such as preening or wing flapping. Data were analyzed for commodity-dependent and not commodity-dependent behaviors.
The start and end times of behavioral events were recorded during the videotape analysis, which provided an opportunity to calculate the overall time budget for all behaviors of 5 hens for 5 d. Similarly, diurnal distribution of the behavioral events, frequency distributions of events, inter-event interval lengths for all the behaviors, and firstorder transition matrices were calculated. Behavioral bout analyses were performed for the commodity-dependent behaviors. The concept of behavioral bouts is described below. Percentage of time spent by hens on each behavior in each segments and corridor was calculated to have an overview of commodity and space uses.
A 14 × 14 matrix of probability of frequencies of the firstorder transition between behaviors was calculated. The matrix was corrected for so-called structural zeroes (de Vries et al., 1993) . The standardized residuals [q ij = (o ij − e ij ) / √e ij ] were calculated with MATMAN program. Only positive transitions with a q values greater than or equal to 2 were regarded as transition that occurred more than expected (de Vries et al., 1993) . The standardized residuals were used to analyze the direction of transition of behaviors. The transition directions were visualized with the help Wings touch each other above the back of the hen and waved in the air more than one time. Wing flapping may be performed when the hen stands and during locomotion. Feather ruffling The neck is stretched, the ruff is raised, the other feathers are ruffled, and the whole body is shaken. Wing stretching The wing stretching may be bilateral upward and forward, or it may be performed unilaterally backward and downward and is often accompanied by leg stretching to the same side.
Dust bathing
Pecking and scratching in dust, squatting in the dust, movements of the feet and wings to raise dust into the ruffled plumage, and rubbing the head and sides in the dust, followed by feather-ruffling and shaking the dust out of the feathers. Scratching
Usually scratching is performed once or twice with each leg in turn after which the hen moves one step backward or scratches with both feet then moves quickly backward and pecks the ground where she has scratched. This also includes pecking grains from the area. Drinking Dipping the beak into the watering tub, taking out the beak for a short time, putting the beak upward and apparently ingesting water. Feeding Eating feed from the feeder.
Still
No horizontal and vertical movement of the body for more than 3 s. Only moving head and looking around or an apparent state of somnolence, generally performed in a standing position but also sometimes when sitting. Sleeping on the floor is included in this behavior, when the hen is sitting on the floor, bending neck on the feathers and not moving at all for a long time. Walking Walking more than 3 steps. Flying
Fly more than 0.5 m without touching ground. Perching
Sitting or standing on the perch. Any other behavior performed on the perch was not scored. Attack
Attack includes pecking and fighting. In pecking, the comb, head, nape, and neck are pecked; in fighting, 2 hens face up to each other and aim pecks with their beaks and kicks with their feet and spurs. Resting This behavior is derived from still. The log survivor analysis of still events showed 2 distributions with a cut-off point around 2 min of event length. We assumed that longer than 2-min stills are not "real" still but probably that hens were resting. Longer than 2 min stills were recorded as resting. Escape
Running in a case of attack or threat. Others Behaviors other than those listed above or not observed.
of arrows and circles in which arrows showed the q values, and radius of the circle showed the frequency of the behavior (Schouten, 1986) .
Concept of Bout Analysis
Hens mostly perform behaviors in short events and interevent intervals (Figure 2 ). An event is the continuous display of the same behavior (Gerlai and Csanyi, 1994) . The short interruptions between events do not mean that the hen is not motivated to perform the behavior. Behaviors have aggregation tendencies and many behavioral events occur in bouts (Metz, 1975; Sibly et al., 1990) . Thus, a bout is composed of a series of events with short interruptions. In a housing system, hen activities should be facilitated such that behavioral bouts are not interrupted.
When behavioral events are randomly distributed over time, the plot as log survivor function appears as a straight line (Nelson, 1965) . This fulfils the first-order Markov model, and in this paper it will be termed random model. Intervals between behavioral events do not, however, usually follow such a simple distribution; in particular, most behaviors normally occur as events with small intervals being relatively common and long ones relatively rare. This gives rise to a log survivor function that is concave, descending steeply at first (high probability of a further event), and subsequently much more gradual (low probability of further event), for example inter-event interval 3 Microsoft Office Access 2000, Microsoft Corp., Redmond, WA. distribution of scratching ( Figure 5F ). The criterion for bout definition can be determined at the point where the slope changes most dramatically (Metz, 1975; Slater, 1975; Clifton, 1979) . A bout criterion distinguishes events that occur within bouts from those that start new bouts (Slater and Lester, 1982) .
A computer program was written with Microsoft Access 3 to plot log survivors of the event lengths, inter-event intervals, and bout length distributions of the behaviors. A bout of the behavior was defined on the basis of interevent intervals and bout criterion (Figure 2 ) (Metz, 1975) . The interevent intervals that were smaller than the bout criterion were included in the bouts. Visual assessment of the log survivor of interevent intervals was used to arrive at bout criterion (Sibly et al., 1990; Dado and Allen, 1993) . The average duration and standard deviation of the events, interevent interval, and bout distributions were calculated. Chi-squared tests were performed to evaluate the deviation of the distribution from the random model.
RESULTS
Overall Time Budget of Behaviors
In designing a facility and space use, it is necessary to know how intensive given commodities or facilities are used. Table 3 shows the time spent (%) on each behavior by hens in a housing environment allowing them free access to facilities. The major part of the time budget, around 97%, was spent on resting, nest use, perching, still, feeding, walking, preening, and drinking, and around 2% was spent on other behaviors (Table 3) . First run was at the beginning of the observation period. Second run was at the end of the observation period. The same segment of videotape was used for both runs for both observers.
Approximately 1% of the time budget was covered by unobserved and not identifiable behaviors. Moreover, hens were busy with commodities for 43% of the 24 h and spent 57% of the 24 h on noncommodity-oriented behaviors.
Diurnal Distribution of Frequency and Duration of Behavioral Events
Different frequencies and event durations of behaviors could be observed during different times of the day ( Figure  3 ). This finding may play an important role in future hen house designs to know how often and how long a given facility is used by hens. Figure 3 gives an insight to the diurnal distribution of frequency and duration of behavioral events. Diurnal distributions of events of drinking, feeding, still, and walking showed 2 peaks in frequency and duration of the behaviors, the first around 0900 h and the second around 1500 h. Resting occurred over day and night. The resting events were relatively longer and less frequent during night (2200 to 400 h) than day. A cluster of wing stretching events could be observed in the morning (0600 to 0900 h). Peaks in frequency and duration of dust bathing events could be observed around 1100 and 1600 h. Wing flapping occurred mainly in the morning (0300 to 1000 h) with a peak around 0700 h. Feather ruffling could be characterized as a very short but frequent behavior. Feather ruffling occurred from 0300 to 1700 h. Hens visited nest boxes very often for a very short time during the day, but longer usage was observed around 0400 and 1600 h. Preening occurred throughout the 24 h. Events were longer and more frequent in the morning (0300 to 0800 h) and in the late evening (1600 to 2200 h) than during the rest of the day. Scratching occurred during the daytime and in the evening (0600 to 2100 h). Relatively longer and more frequent scratching occurred around 0800 and 1600 h. Hens showed a tendency to jump on perches very often for a short time during the day, and they used perches for a relatively longer time around 2200 h.
Event Lengths of Behaviors
To determine the most relevant time a hen needs to perform a specific behavior, a survivor curve of the duration of events was calculated for each behavior ( Figure  4 ). These curves for each behavioral category were tested against the fit to an exponential distribution (Table 4) . None of the behavioral events length curves was exponentially distributed (P < 0.001), which means durations were not random. Different categories of durations could be distinguished. Figure 4 shows survivor distributions of event lengths on a log scale. Although rather variable between behaviors, in most cases some typical patterns could be observed.
Preening, dust bathing, scratching, feeding, perching, and resting behaviors were similar in the distribution of events. All curves were a bit concave in the beginning and then nearly followed a straight line ( Figure 4B , E, F, H, K, and L). About 70% of each behavioral event for preening, dust bathing, scratching, and feeding was in the range of 6 to 90 s, and events of perching and resting were shorter than 10 and 6 min, respectively. This finding indicates that, relatively, hens performed shorter events more often than longer events.
The patterns for feather ruffling, drinking, still, and walking behaviors were similar ( Figure 4C , G, I, and J) and nearly followed a straight line. However, they deviated from the random model. Drinking events from 25 to 45 s long and walking events less than 6 s were less frequent than others (Figure 4) . Six-and 12-s feather ruffling events were frequent. Moreover, the curves indicated that hens did not have preferences for duration of events, which appeared to be nearly random. Hens use next boxes often for very short time. Around 70% of the events of nest use were shorter than 2 min, whereas 9% were longer than 40 min ( Figure 4A ). The wing stretching events from 7 to 18 s long were relatively frequent. (Figure 4D ).
Interevent Intervals of the Behaviors
A bout criterion can help to define the event intervals that belong to the bout. To assess bout criteria a survivor of interevent intervals was calculated for each behavior ( Figure 5 ). None of the distributions was exponential (P = 0.001; Table 4 ). However, visual inspection suggested that the event interval survivor distribution ( Figure 5C ) of feather ruffling nearly followed the random model. Figure  5 shows all distributions (survivor curves) of interevent intervals on the log scale.
The slope and nature of survivor curves differed from one behavior to another, but in most cases a typical pattern could be observed. Preening, dust bathing, scratching, still, and walking ( Figure 5B , E, F, I, and J) had similar curves. The curves indicated that hens have often-shorter intervals between events than longer intervals. Around 70% of interevent intervals of preening, dust bathing, scratching, still, and walking were shorter than 40 s ( Figure 5B , E, F, I, and J). Nest use, drinking, feeding, perching, and resting were similar in the distribution of interevent intervals. The behaviors showed an excess of relatively shorter intervals ( Figure 5A , G, H, K, and L), and longer intervals nearly followed a random distribution. Around 70% of interevent intervals of nest use, drinking, feeding, perching, and resting were shorter than 25 min ( Figure 5A , G, H, K, and L). Hens had an average interval of 104 min between 2 successive feather-ruffling events. However, shortage of interevent intervals from 250 to 300 min could be observed. On average, hens had an interval of 160 min between 2 successive events of wing stretching.
Diurnal Distribution of Duration and Frequency of Behavioral Bouts
Information on diurnal use of facilities and how often and how long a given facility is used during a particular time of day may play an important role in designing housing systems. Figure 6 shows the diurnal distribution of frequency (bouts/h per hen) and duration (min/h per hen) of the bouts of commodity-dependent behaviors, including preening and resting, during 24 h. Figure 6 shows that the occurrences of preening only and resting bouts were spread over day and night. Hens performed shorter and less frequent preening bouts during the night (2200 to 0200 h), whereas resting bouts were relatively longer and more frequent in the night (2200 to 0500 h). Perching bouts were relatively shorter and more frequent during the day than the night. Hens used perches longer but less frequently during the night. Peaks of relatively longer and more frequent bouts of drinking and feeding could be observed around 0900 h and 1500 h. During the night, feeding and drinking bouts occurred relatively for very short times and less frequent than during the day. Hen performed relatively longer scratching bouts around 0600, 1600, and 2100 h. Hens performed relatively longer dust bathing bouts around 1000 and 1500 h. Hens used nest boxes from 0400 to1900 h, but bouts were relatively longer and less frequent around 0400 to 0500 h.
Bouts of the Commodity-Dependent Behaviors
The given facility in a hen housing system should provide enough time and space to a hen to perform behavioral bouts. To know the characteristics of bout lengths, for each behavior a survivor of bout lengths was plotted ( Figure  7) . The survivor curves for each behavioral category were tested against the fit to exponential distribution (Table 4) . None of the behavioral bout length curves, except drinking (P > 0.001), were exponentially distributed (P < 0.001), which means durations were not randomly distributed. Different categories of bout lengths could be distinguished. Figure 7 shows survivor curves of bouts on the log scale.
Lengths of bout distribution of nest use, dust bathing, scratching, and resting were similar ( Figure 7A , C, D, and H). These distributions showed a relative excess of shorter bouts, which indicated that hens performed shorter bouts significantly more often than longer bouts compared with the Markovian random model. Seventy percent of the bouts of behavioral nest use, dust bathing, and resting were shorter than 13 min, and about 70% of the scratching bouts were shorter than 1 min ( Figure 7A , C, D, and H). On average, hens performed bouts of nest use (bout criterion = 9 min), dust bathing (bout criterion = 9 min), scratching (bout criterion = 9 min), and resting (bout criterion = 9 min) of 34, 9.8, 1.1, and 17.8 min, respectively.
Bouts distribution of preening, drinking, feeding, and perching were similar ( Figure 7B , E, F, and G). Curves followed nearly a straight line with some deviations from the random model that means bouts were nearly randomly distributed. On average hens spent around 2.2 min (bout criterion 2 min), 2.6 min (bout criterion 2 min), 3.74 min (bout criterion 1.5 min), and 15.4 min (bout criterion 13 min) on one preening, drinking, feeding, and perching bout, respectively. A shortage of longer bouts of feeding (>10 min), preening (>6 min), and drinking (>2 min) in comparison to the random model could be observed (Figure 7) .
Duration (%) of Facility Usages
Some behaviors of hens can be associated with the location in a hen house. For example, feeding can be closely related with the feeding area. In contrast behaviors such as walking can occur anywhere in the house. Table 5 shows the duration (%) of hen behaviors occurred in different segments of the pen. More than 98% of events of commodity-dependent behaviors (drinking, feeding, nesting, and FIGURE 4. Log survivorship curve of event lengths of behaviors (A, nest use; B, preening; C, feather ruffling; D, wing stretching; E, dust bathing; F, scratching; G, drinking; H, feeding; I, still; J, walking; K, perching; L, resting). The straight line represents the random model. perching) occurred within designated segments. Scratching mostly occurred in wood shavings segments (85%), whereas dust bathing occurred mostly in sand segments (89%).
Behaviors other than those just mentioned occurred in different areas of the pen. The corridor of the pen was preferred place for attacking (28%), escaping (38%), flying (43%), resting (74%), walking (22%), and wing flapping (52%). Feather ruffling occurred mostly (46%) in sand segments, preening occurred mostly (38%) in wood shavings segments, still occurred mostly (39%) in sand segments, and wing stretching occurred mostly (41%) in wood shavings segments. Inter-and intrareliability tests between observers 1 and 2 had about 2% error in observations. Thus, the aforementioned values should be considered with ±2% error. The level of observational fault, however, did not affect the overview of segment use by hens.
Behavioral Sequential Analysis
To obtain information on how to locate facilities and the corridor, the transition between behaviors must be assessed. Figure 8 shows the positive first-order transition of behaviors with standardized residuals greater than or equal to 2. Thirteen hundred transitions were observed. Fiftythree cells contained positive transitions (z-value >2) with 33 being significant. Preferred transitions could be observed from nesting to drinking to feeding, feeding to drinking to feeding, feeding to escape to perching, or preening to resting to preening, which had residual values greater than 10. Other behavioral loops could be observed, such as resting to wing stretching to dust bathing to resting, feeding to attack to feeding/drinking, resting to preening to dust bathing to resting, or perching to wing flapping to preening, which had residual values less than 10.
DISCUSSION
Laying hen welfare problems in battery cages have been extensively debated. Nicol and Dawkins (1990) concluded that a better housing system for laying hens might start from their behavioral needs. Our project was aimed to develop a behavior-based simulation model that predicted the temporal structure of a behavior and the plasticity in its performance. The simulation model may allow resources and facility planning and the space allocation in a hen house for a given number of hens. By including behavioral demand functions (Ladewig et al., 2002) , the model may allow prioritization of behavioral needs and environmental requirements. Then the model may allow an approach of balancing the welfare of the hen and the cost of its housing in the commercial situation. To achieve the above simulation model, we needed first to study the characteristics of hen behaviors. In this study we focused on the intensity FIGURE 6. Diurnal distribution of frequency (bouts/h per hen) and duration (min/h per hen) of bouts for commodity-dependent behaviors, preening, resting during 24 h. The photoperiod was 10L:14D (light: 0800 to 1800 h, and dark: 1800 to 0800 h).
and sequence of usage of the given facilities by hens in a minimally restricted environmen to observed the preferred behavioral structures of hens. The present study of hen behaviors in a nonrestricted environment provided initial data for the design of housing based on biological needs of hens.
Time spent (% of the day) on different behaviors may provide an overview of facilities and space allocation in a hen house. In a well-designed housing environment, hens should be able to show a similar time budget. We demonstrated that time spent (% of the day) on behaviors, except still and walking, were lower than those reported in the literature (Dawkins, 1989; Webster and Hurnik, 1990; Bubier, 1996; Rudkin and Stewart, 2003) . Lack of experience in dust bathing, perching, or scratching, because they were raised in a standard hatchery environment, could be a reason for reduction in the percentage of time spent (Vestergaard and Lisborg, 1993) . Feeders and drinkers provide above-normal stimuli in a cage environment and attract behavioral attention, whereas under our conditions other facilities shared the behavioral attention. This could be a primary reason for the relatively lower percentage of drinking and feeding behaviors in our study. The time spent (% of the day) on still was higher than reported by Bubier (1996) . Hens spent a similar amount of time on walking, as reported by Bubier (1996) . The immediate availability of single and double nest boxes in our experimental arena could be a reason for the higher percentage of nesting behavior in our findings.
To build the structure of the model, we need to know how long a hen uses a given facility and the structure of their event lengths. We demonstrated with the survivorship analysis of event lengths that none of the behavioral events were random by distribution. Most of the behaviors oc-FIGURE 7. Log survivorship curve of bouts of commodity-dependent behaviors (A, nest use; B, preening; C, dust bathing; D, scratching; E, drinking; F, feeding; G, perching; H, resting) . The straight line represents the random model. curred in very short events in that 70% of events of preening, dust bathing, scratching, feeding, perching, resting and wing stretching were from 5 to 90 s (Figure 4 ), indicating that hens easily change their behaviors. A specific example is that hens show a tendency to enter in nest boxes very often for a short time, and they use nest boxes a few times for a longer duration, which also could be observed in the diurnal distribution of frequency and duration of nesting events (Figure 3) . Hens probably check the nest boxes many times during the daytime and finally use them for egg laying in the morning (Piepers, 1987) . Similarly, shorter events of drinking and feeding have a higher probability of occurrence than longer events. However, longer events of drinking and feeding approached a random distribution. Thus, the short duration and the frequently changing nature of the behaviors should be incorporated into a simulation model to make the model fit closer to reality.
The frequency and duration of events were different during different part of the day for each behavior ( Figure  3 ). For example, although hens drink more or less throughout the day, about 0900 and 1500 h were the busiest times for drinking (Figure 3 ). Hens had a tendency to use perches for a very short period and frequently during the daytime and used them for longer times during the morning hours. Hens should be able to show similar diurnal rhythms in a new housing design.
Usually hens use perches during the night to sleep (Wood-Gush, 1983 ). In our results hens used the perches in the night hours for a very short time. A lack of experience in perching, because they were raised in a hatchery environment, could be a reason for the reduction in perch use (Vestergaard and Lisborg, 1993) . A higher frequency and longer duration of rest in the night hours (Figure 3 ) indicated a shift from perching to the rest behavior.
Still event lengths were randomly distributed, whereas distribution of interevent interval lengths suggests an excessive amount of short intervals. We found 2 types of still intervals. The short still events enabled hens to inspect surroundings, swallow a food pellet, locate a facility, or sense the possible threat; during the longer still events hens rested between or within the behavioral bouts. This finding could be a reason for the higher percentage of still events in the time budget. Walking had pattern for event length distribution ( Figure 4J ) that was similar to that of still. Hens probably walk a short distance to reach a facility, change from one facility to another, change position, or have a longer walk for comfort.
The performance of a behavior can be interrupted by another behavioral event, which will cause an interval between events of the behavior. The interruption does not necessarily mean that the hen is not motivated to continue to perform that particular behavior. For example, there are 2 types of feeding behaviors in hens. They may take rather short breaks, during which hens inspect the environment, swallow food, or perhaps preen. Other intervals last longer and have a lower probability of ending, during which hens switch to another behavior. The first kind of interval is usually considered to occur within a bout (Sibly et al., 1990) . To satisfy the behavioral needs of hens, we have to take the bout characteristics of the behaviors into account in the new design. Hens should be able to show similar characteristics of the bouts of the behavior in the new housing. On the contrary, a difference may give an idea to improve the housing design from the point of view of the welfare of laying hens (Spruijt et al. 2001) .
The bout analysis of nest use, dust bathing, scratching, and resting events (Figure 7) on a chosen bout criterion shows an excess of shorter bouts, which suggests that these behaviors have another level of segregation in time. Relatively smaller bouts are performed more often than longer ones. The tail part of the log survivor curves (Figure 7 ) of these behaviors is not prominent due to fewer observations of that duration. Higher levels of segregation for these behaviors should also be accounted for in the simulation model. However, the distribution of lengths of preening, drinking, feeding, and perching bouts (Figure 7) approached to a straight line, which suggests that there is no higher level of segregation in the behavioral events than bouts.
Hens show a sequence and behavioral pathways in use of the given facilities. For example hens show a sequence from feeding to drinking to feeding (Figure 8 ), which have also been observed in other animals (Metz, 1975) . This finding may suggest that in a hen housing system, drinkers and feeders should be installed closely to meet such a need of the hens. A hen house should allow hens to show the preferred behavioral pathways. Interruptions in the preferred behavioral pathways can lead to frustration and that can be a welfare issue. Highly preferred sequential ordering means little flexibility and thus such chains of behavior should be allowed with priority in the new housing environment. Table 5 showed the duration (in percentage) of behaviors occurring in different segments and in the corridor of the pen. It was very obvious that commodity-dependent behaviors, such as drinking, feeding, nesting, and perching, occurred (98%) within the designated segments. The corridor was the preferred place for attacking, escaping, flying, resting, walking, and wing flapping, which suggested that these behaviors require space. The sequence analysis showed that escape and attack were closely related to feeding and drinking (Figure 8 ). Because the drinker and feeder segments were crowded, the corridor was the next free place to attack or escape. Flying was associated with escape ( Figure 8 ), which was probably why flying frequently occurred in the corridor. The sequential analysis showed that the preening-rest-scratching or preening-rest-dust bathing were distinct sequential loops. This finding could be the main reason that hens had the highest percentage of preening in the sand and wood shavings segments.
In conclusion, the temporal pattern and behavioral sequence shows how laying hens spend time in meeting their biological needs in an environment where no serious restrictions are imposed. It provides a baseline for a behavior-based design of laying hen houses. These values represent observational errors. The inter-and intrareliability tests between observers 1 and 2 revealed around 2% error in observations. Thus, these values should be considered with ±2% error.
